INTRODUCTION
MSFC was assigned responsibility for space station ECLSS design and development in 1984. Activities completed during space station Phase B and C/D included ECLSS design, analysis, and in-house testing. Under ECLSS design, MSFC was responsible for the six major ECLSS functions, specifications and standards, component design and development, and was the architectural control agent for the space station ECLSS. MSFC was responsible for ECLSS analytical model development and conducted subsystem and system level analyses. In-house subsystem and system level testing was conducted in support of the design process. This included testing of air revitalization, water reclamation and management hardware, and certain non-regenerative systems.
All the activities described in this paper were approved in task agreements between the MSFC and the NASA Headquarters Space Station Program Management Office at Johnson Space Center and Boeing, their prime contractor for the ISS.These MSFC activities are in-line to the designing, development, testing, and flight of ECLSS equipment planned by the Boeing Company in Huntsville, supporting the prime contractor, Boeing, in Houston. MSFC's unique capabilities for performing integrated systems testing and analyses, and its ability to perform some tasks cheaper and faster to support ISS program needs are the basis for the "IrA activities.
Tasks were completed in the water recovery systems and air revitalization (AR) systems areas. The tasks in the water recovery and air revitalization areas were divided into analytical model development, component design and development, subsystem and integrated systems testing, life testing, and government-furnished equipment items. The results of each of these tasks are described in this paper.
Proposals were made to the ISS Program Office in the areas of sustaining engineering and ECLSS technology development. An upgrade to the current facility was proposed with the addition of a habitation module simulator and development hardware to support on-orbit operations. Seven AETD proposals were submitted which would utilize the current facility to test evolution of current baselined ECLSS subsystems.
ORGANIZATION
Organizations which support TTA activities and the interfaces are shown in figure 1 
COMPUTER MODEL DEVELOPMENT
Analytical models are being developed for components of the WP as well as the Four Bed Molecular Sieve (4BMS).
Water processor components being modeled include the MF beds and the VRA reactor.The MF bed and VRA function were described in a previous section of this paper. An integrated 4BMS model is also being developed. MULTIFILTRATION BEDS--This effort will result in the development of a computer model capable of defining MF bed performance in terms of contaminant removal efficiency and life expectancy with varying input conditions. Upon completion, this model will be used to predict performance capabilities rather than running a test for the specific waste stream conditions. Currently when waste stream conditions are changed, a test has to be conducted for the new waste stream composition to determine MF bed performance and life capabilities.
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Recognizing the need for this type model, MSFC contracted with Michigan Technological University in 1992 to model the performance of the potable loop humidity condensate MF bed. This model had limited application but did provide valuable information necessary to define the steps to develop an MF model for a single loop processor. This effort was divided into two phases (I and II). During phase I [2], the model was developed for only shower/ handwash waste water. The phase I effort addressed the performance of the ion exchange resins, including equilibrium and kinetic studies, as well as development of an ion exchange model and a pore and surface diffusion model to describe adsorption kinetics.
The objective of the ongoing phase II effort is to develop a model that will predict MF bed performance for all ISS waste streams. Both adsorption and ion exchange models are being developed with each including equilibrium and kinetic descriptions. Work completed during phase I is being used as the basis for these models. Upon completion of the models, test data from a MF fixed bed column with sample ports between each adsorbent and ion exchange resin installed in the MSFC stage 10 water recovery test will be used to make a final calibration of the models.
VOLATILE REMOVAL ASSEMBLY--A VRA model is being developed capable of predicting catalytic oxidization performance based on varying waste water contaminant loads. The importance of the catalytic oxidation process in meeting the potable water quality specification leads to the necessity of predicting its performance based on varying contaminant loads. Without a model of this type, tests must be run every time VRA input conditions are changed.These input conditions include varying the contaminant load and load duration in terms of process water throughput, reactor residence time (i.e., catalyst volume), pressure, and temperature.
This effort was divided into phases I and II. During phase I [3, 4] a multiphase, multicomponent reactor model for five contaminants was developed. This model's predictions were similar to actual experimental results for urea, chlorobenzene, and ethanol over the range of conditions. The results for formaldehyde indicated that its destruction rate was entirely limited by the rate of mass transfer. Dimethyl sulfoxide acted as a weak poison at lower temperatures, and the prediction of conversions was poor. The phase II effort is following a path similar to that of phase I. The combination of an experimental program on a test reactor and a computer based numerical approach to first fit kinetic rate constants is being used to model the more complex behavior. The end product will be a multicomponent model for all potential contaminants.
FOUR BED MOLECULAR SIEVE--A schematic of the 4BMS is shown in figure 4 . Major components include two desiccant beds, two adsorbent beds, a blower, a precooler, six selector valves, two check valves, and an air pump. Carbon dioxide (CO2) laden air is directed through the subsystem by a blower. To prevent water vapor from poisoning the CO2 sorbent material, the air stream passes through a desiccant bed for water adsorption. The air stream is cooled to increase the CO2 removal capability, then passes through the CO 2 sorbent bed.The CO 2 beds are regenerated using thermal/pressure swing desorption, with the heat transferred to the desiccant bed undergoing water vapor desorption. The subsystem operates in an open loop configuration with the desorbed CO 2 being vented overboard. Single-Bed Models [5] were developed which simulated gas adsorption in a flow-through bed. Multicomponent adsorption; thermal balances for the pellet, gas, and canister; and the momentum equation were included. A two-dimensional (radial and axial) model was also developed to predict effects of flow channeling based on bed geometry. Another model incorporated multiple sorbent material layers.The final model simulated the thermal and vacuum regeneration of the 5A bed.
Integration of the verified single-bed models is being performed at MSFC. A stand-alone version is being developed featuring transportability to any computer platform with a FORTRAN 77 compiler. This version will utilize simplified heat exchanger and blower components and will be limited to bed configurations matching the existing 4BMS configuration.
Conversion of the single-bed models to computer aided system engineering and analysis (CASE/A) will follow development of the stand-alone 4BMS model. CASE/A, a graphical-based system-level computer modeling tool, will allow much greater flexibility in configuration of the sorbent models. The 4BMS CASE/A model will be developed using the graphical user interface and existing CASE/A components such as heat exchangers, valves, blowers, controllers, and timers. Other CO 2 removal system configurations can be readily developed based on the verified single-bed models in CASE/A to analyze candidate technologies for the evolutionary space station and future manned missions.
SUBSYSTEM/INTEGRATED TEST PROGRAMS
Current in-house MSFC ECLSS testing includes both independent subsystem and integrated testing. Perfor-mance testing of the 4BMS is ongoing, and the stage 10 integrated water recovery test is complete.
FOUR BED MOLECULAR SIEVE INDEPENDENT SUBSYSTEM TESTINGmFour bed molecular sieve testing includes the performance enhancement test (PET) which is being conducted to determine the enhancement potential of performance to meet reduced carbon dioxide partial pressure (ppCO 2) exposure levels. In addition, certain tests are planned to address 4BMS "flight issues".
A preliminary PET [6] was conducted in August 1996 to provide initial data to verify that 4BMS operational changes could be made such that the Life Sciences requirement of 2.2 millimeters of mercury (mmHg) ppCO 2 was met. A high-fidelity 4BMS was utilized for this testing. Testing was conducted in the Core Module Simulator (CMS) which is a part of the MSFC ECLSS Test Facility in Building 4755. Four Bed Molecular Sieve parameters of air process flow rate, cycle time, and sorbent bed heater set point temperature were varied to determine removal capability for the various operational configurations.
Six operational configurations were evaluated in a period of fifteen consecutive days.
Preliminary results from the PET are shown in table 1, along with other recent test results for comparison from the MSFC integrated air revitalization test [7] and the CO 2 removal rate and electrical power consumption evaluation test [8] conducted by Allied Signal. PET results are from July 14-August 11, 1996. Review of the test data (table 1) indicates that process air flow rate has the greatest influence on CO 2 removal capability. Carbon dioxide removal rate divided by inlet CO 2 partial pressure is plotted against flow rate to illustrate this relationship ( figure 5 ). • Water quality consistently met the potable specification.
•
The overall assessment of the water quality by the test subjects was that the water is more than acceptable for hygiene and potable use.
• The urine pretreatment tablet method provided the same level of pretreatment as the manual method. A stage 11 test will be conducted starting in the summer of 1998 with the primary objective of further evaluating WRM hardware and design issues. This test will address design issues discovered as the result of the stage 10 testing.
ECLSS LIFE TESTING
Testing conducted to determine life characteristics in- 
VAPOR COMPRESSION DISTILLATION URINE
PROCESSOR--The VCD urine processor test began in January 1993 and was concluded in April 1996 for a total of 665 days (3,342 hours) of testing [16] . The purpose of the test was to determine mechanical wearout characteristics of the flight-like components. These included the peristaltic fluids pump, peristaltic purge pump, distillation unit, recycle filter tank, gas/liquid separator, and feed tank.
One significant anomaly was the failure of the flex spline in a gear reduction mechanism of the fluids pump drive shaft. The failure may have resulted from a slight horizontal misalignment introduced into the pump during retrofit at the hardware vendor. The hardware supplier has implemented use of a new alignment jig during hardware assembly to provide the proper alignment. The jig will be used for flight hardware assembly. A second pump problem was related to the tubing used in the peristaltic pump. Although it pumps a two-phase mixture which is mostly gas, this pump uses the same tubing as the fluids pump. This application caused tube spalling which results in the air/water separator clogging with tube material flakes. Eventually a VCD design change will be required to resolve this problem.
During the last half of 1995, the VCD experienced increasing problems such as excessive noise, increasing temperature, and high current loads. Upon disassembly in January 1996, the compressor gears and drive belt from the compressor to the drum had reached the end of their useful life and were replaced. The compres-sor gears and drive belt had operated for an estimated 4831 hours. After reassembly, the VCD exhibited a high current draw during startup after a period of no operation, such as a weekend. This problem persisted and the decision was made in April 1996 to return the subsystem to the hardware vendor for repair and installation of several flight-like components. This contracted effort was canceled due to unavailability of funding, and the subsystem is being rebuilt in-house at MSFC. MAJOR CONSTITUENT ANALYZER--A test stand was delivered with four MCA filament assemblies and has been tested since July 1996. No evidence of degradation of performance has been noted to date. Concurrently a similar test stand containing eight sample pumps was delivered. Unfortunately it was determined that the pump design was changed after shipment of the test stands. An effort is underway to upgrade the sample pumps so they reflect the current ISS design. Upon completion of this upgrade, the test stand will be returned to MSFC and undergo life testing.
WATER DEGRADATION STUDY--The WDS began in January 1993 and is scheduled to be completed in January 1998. This test was initiated to investigate whether the WRM distribution line biocidal iodine would break down after the system was launched wet and remaining dormant for an extended time before activation. The WDS consists of 34 tubes configured as straight sections, 10 feet long, with valves at each end. These tubes are grouped into two batches, designated batch 1 and batch 2. Within each batch, the tubes are grouped into sets according Storage tank coupons and individual sample tubes will be periodically removed and analyzed for biofilm growth. Two tubes will be removed from both the clean and dirty water test setups at 6 month intervals. Storage tank coupons will be removed every 30 days during the first 6 months of testing and at 6 month intervals thereafter. Water samples will also be taken. Figure   12 depicts the concept of this evolution. 
ECLSS GOVERNMENT FURNISHED EQUIPMENT
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Habitation Module Simulator
End-Use Equipment Facility (EEF)
The planned facility is shown in schematically in figure   14 and pictorially in figure 15 . The two modules will be connected with a "node" simulator. Ingress/egress to the hab simulator will be via an airlock since it would be utilized for the new EEF. A door will be added to one end of the CMS to facilitate ingress/egress. F_6URe15.--ISS ECLSS ground test-bed concept.
The hab simulator will be outfitted with high fidelity development hardware. This will include a TCCS, THC, a fire detection assembly, pressure control assembly, and an ISS vacuum system. The THC and the carbon dioxide removal subsystem (CDRA) will be interfaced with flightlike ducting.The ISS sample delivery system (SDS)will be simulated and integrated with the MCA. The Sabatier carbon dioxide reduction subsystem will be installed to evolve the AR system into its final closed loop configuration.The condensate from the THC CHX will be routed to the WP for reclamation and reclaimed water provided back to the oxygen generator assembly.
The node simulator will be outfitted with high fidelity intermodule ventilation (IMV) hardware and node flight ducting and cupola heat loads simulated. A development CDRA will be obtained and installed in the hab simulator. EEF equipment will be installed in the hab simulator and interfaced with water reclamation hardware.
Upgrading this facility will provide the capability to support the ISS program in a more thorough manner under higher fidelity test conditions.This facility will contain a functionally flight-like AR system with flight-like THC/CHX ducting to support early laboratory module on-orbit operations. One possibility in this area will be ISS operational scenario testing such as the operation of two CDRA's to determine interactions between the two subsystems. There will be capability and existing interfaces to test habitation module AR hardware if needed for lab module troubleshooting. IMV ducting will be in place with the capability to check flow balancing, removal of heat loads generated in the cupola, and for troubleshooting other problems associated with the IMV system. A complete string of hab module development water system hardware integrated with end-use equipment utilizing human test subjects will be available for test purposes. There will be the capability to simulate toxic spills and the associated response of the ECLSS. The vacuum system with payload simulator location can be utilized to address leakage/venting issues. Oxygen closure development testing can be conducted to support hab module development efforts. Integrated testing with the THC, AR, and WRM subsystems with test subjects can be conducted if desired by the ISS program.
The hab simulator was recently moved into a permanent position, hard mounted to a support structure, and a floor installed. The hab simulator's mechanical and electrical design has been completed, as have specifications for component procurements. Work is continuing on outfitting the hab simulator, and it should be operational in the summer of 1998.
USE OF THE ECLSS TEST FACILITY FOR TECH-NOLOGY DEMONSTRATION--MSFC submitted seven
proposals [20] FtGURE17.--Water reclamation technology evolution/integration with habitation module simulator.
SUMMARY
This paper summarizes ECLSS work currently being accomplished by the Marshall Space Flight Center under TTA's managed by the ISS Program Office. The ISS Program Office has asked MSFC to continue ECLSS supporting development efforts through the year 2000. These activities have been an asset to the ISS Program, because testing has uncovered numerous design problems which have been resolved early and work has been done on habitation module hardware that would not have otherwise been completed.
Additional work in the sustaining engineering and ECLSS technology development are also summarized.The MSFC ECLSS facility, which NASA has made a considerable investment during space station development, would be utilized for flight support and for development of evolutionary ECLSS hardware. This facility and the experienced personnel at MSFC have the capability to support both development and sustaining engineering activities in parallel at a minimal cost to the program.
